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Description 

Background of the invention 

This invention pertains to angiographic devices 
for injecting into a patient contrast media at a 
controlled rate and pressure during x-ray photo- 
graphy. More specifically, this invention is an 
improvement over US 4 006 736, which improve- 
ment concerns automated control of such angiog- 
raphic injector devices being responsive to input 
information supplied by an operator to develop 
control signals for automatically controlling the 
injection process. 

An angiographic injector device according to 
the preamble part of claim 1 is known from US 
4 006 736. 

An angiographic injector is useful for control- 
ling the delivery rate, amount, duration, and 
pressure of contrast media, usually a liquid iodine 
solution, injected into a patient. Such devices are 
used in x-ray photography to enhance the con- 
trast of the image obtained thereby. In a typical 
operation of such device, an operator loads the 
same with a certain amount of contrast media, 
connects a delivery tube extending from a fluid 
reservoir of the device to a catheter placed in the 
vascular system of a patient, and then actuates 
the device by forcing the media into the blood 
stream while exposing the patient to x-rays dur- 
ing the photographic process. Among other 
things, it is very important that the proper amount 
of contrast media, as well as the pressure and rate 
at which it is delivered, be controlled accurately 
for safe and desirable results. 

One such angiographic injector device over 
which the present invention is an improvement is 
described in U.S. Patent No. 4,006,736 issued to 
Kranys et al, commonly owned by the assignee 
hereof. As with many other types of angiographic 
injector devices, this system is rather mechanical 
and although efficient, does not take advantage of 
certain potential automatic control and test 
features which can facilitate its use and reduce 
the likelihood of errors during its operation. As 
known, certain errors can be fatal or expose the 
patient to undue risks of harm. 

As examples of potential capabilities under 
automated control, it is often desirable to provide 
multi-level injections during an x-ray photograph- 
ing sequence. In this case, the contrast media is 
injected, for example, in step-wise changing flow 
rates and/or pressures. It is also desirable to 
provide multiphasic injections in which the pro- 
grammed injection profile is delivered several 
times In succession under operator or remote 
control. Also, it may be desirable to automatically 
compute parameters involved in the injection of a 
specific amount of contrast media and to enable 
the size of the syringe to be changed without 
adversely affecting the operation of the injection 
and without requiring reprog ramming. Such 
features are not known to exist with prior art 
devices. Moreover, certain mechanical control 
and electronic control features can be integrated 
to enhance reliability, such as by providing a 



mechanical stop member to prevent further 
movement of a syringe plunger when a predeter- 
. mined amount of contrast media already has 
been injected. 

5 Additionally, rather than requiring the operator 
to calculate flow rates and/or volumes, this can 
automatically be computed by a processor con- 
trolled system as a function of an injection para- 
meter supplied to the system by the operator, 

10 whereupon the system itself would then calculate 
the corresponding pressure and control signals 
. for delivery of the media. Still further, the use of a 
microprocessor in an angiographic injector 
device enables various programming verification 

15 steps not otherwise available. These are only a 
few automatic control features which are not 
known to exist with prior art systems. 

In view of the foregoing, it is the object of the 
present invention to provide a processor-con- 

20 trolled angiographic injector device for auto- 
matically delivering contrast media at controlled 
rates, pressures or volumes, which rates and 
pressures or volumes are automatically calcu- 
lated on the basis of injection parameters sup- 

25 plied thereto by a user. 

This object is accomplished by the features of 
the caracterizing part of claim 1. Preferred 
embodiments of the invention are described in 
the sub-claims. 

30 Furthermore, the device according to the inven- 
tion is able to provide safety and/or control 
features which limit the injection pressure and/or 
delivery of contrast media when ceratin limits are 
exceeded, such as a pressure limit of contrast 

35 media in the syringe. 

The invention is also able to provide a mechani- 
cal stop mechanism for mechanically preventing 
the plunger of a syringe from further movement 
when a given amount of contrast media has been 

40 injected, wherein the stop position is auto- 
matically determined on the basis of injection 
information supplied to the device. 

It is also possible in the present invention to 
interlock the operation of the mechanical stop 

45 mechanism and a plunger drive circuit of the 
injector device so that they alternate in operation 
to ensure that the drive circuit of the plunger does 
not operate until the drive circuit of the stop 
mechanism has completed its setting of the stop 

50 position. 

The invention is furthermore able to provide a 
multi-level injection sequence under processor 
control whereby the duration and/or injection rate 
and/or pressure may step-wise be changed dur- 

55 ing separate injection sequences, as well as to 
provide means for compensating the plunger 
drive rate and delivered pressure on the basis of 
syringe size during the injection process. 
Additionally the present invention provides pre- 

60 programmed injection parameters stored in a 
memory which may conveniently be recalled 
instantly and to provide means for retaining the 
stored parameters in the memory in the event of 
power interruption to the device. 

65 Another advantage of the present invention is 
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to provide a plurality of reliability features, such 
as parameter verification, self-calibration, and 
self-testing of the various components of the 
device in order to improve safety. 

A yet further feature of the present invention is 
to provide means for providing messages from 
the angiographic injector to the operation, in 
human readable format 

Summary of the invention 

To attain the foregoing and additional objects 
and advantages, the invention comprises a pro- 
cessor-controlled angiographic injector device 
including a pressure jacket for receiving a syringe 
containing liquid contrast media, contrast media 
drive means for forcing the media from the 
syringe, and processor control system for cal- 
culating injection control signals and for control- 
ling the delivery of the contrast media. The 
processor control system is programmed to elicit 
injection parameters from an operator or from a 
pre-programmed storage module and, on the 
basis of the injection parameters, for calculating 
the necessary control signals for a closed-loop 
servo system which actuates the plunger of a 
syringe. The processor also determines position 
limits of plunger actuation and effects actuation 
of a mechanical stop member to block further 
movement of the plunger when a predetermined 
volume of media is injected. To improve 
reliability, actuation of motors for the mechanical 
stop member and the plunger drive are alter- 
nately enabled by a safety relay. 

In alternative embodiments of the inventfon, a 
preprogrammed storage module is provided for 
storing routine injection parameters so that they 
can be instantly recalled. A hardware verification 
system comprising primary and secondary 
memories for storing duplicates of injection para- 
meters also is provided. The controller 
additionally provides multi-phasic injection 
sequences which involve step-wise changing of 
the injection parameters (e.g., rate, duration, and/ 
or pressure) during an injection sequence. 

Further, the angiographic injector device 
includes a watchdog circuit which monitors 
failures in the processor-controlled system, such 
as in the memories, and the processor itself, and 
in response to a failure, inhibits the plunger drive 
means. A serf-check feature periodically performs 
diagnostic routines and a self-calibration feature 
re-calibrates the servo positioning system when 
there is a deviation from desired accuracy. To aid 
in certain types of x-ray photography, such as 
arteriography or ventriculography, an alternative 
embodiment of the device includes means for 
monitoring an ECG waveform and for injecting a 
small bolus of contrast media at a given rate and 
pressure during the diastolic interval. Moreover, 
the alternative embodiment includes an interface 
circuit for providing external digital communica- 
tion for transferring either status and/or control 
information (e.g. injection ..parameters). 

These and other embodiments, aspects, advan- 
tages and features of the invention will become 



apparent upon review of the succeeding dis- 
closure taken in connection with the accompany- 
ing drawings. The invention, though, is pointed 
• out particularly by the appended claims. 

5 

Brief description of the drawings 

Figure 1A depicts a block circuit diagram of a 
preferred embodiment of the invention. 

Figure 1B depicts a watchdog timer circuit of 
io Figure 1A for monitoring CPU failures. 

Figure 2 depicts circuit components of the servo 
amplifier of Figure 1. 

Figure 3 depicts a functional block diagram of 
the servo control unit of Figure 1. 
is Figure 4 depicts a circuit diagram of the 
mechanical stop controller of the inventive 
angiographic device of Figure 1. 

Figures 5A is a daigram of the mechanical stop 
mechanism which responds to the controller of 
20 Fig. 4 of the angiographic injector device. 

Figure 5B depicts an arrangement for visually 
indicating a scaled volume of contrast media 
ejected from a syringe. 

Figure 6 depicts the front control and display 
25 panel of Figure 1. 

Rgures 7 A, 7B, 7C and 7D depict the sequence 
of the serf-test and self-calibrating features under 
which the automated injector device goes. 

Figures 8A, 8B, 8C and 8D show flow diagrams 
30 of the operation of the processor controlled injec- 
tion procedures. 

Detailed description of illustrative embodiment 
Referring to Figure 1A, primary functions of the 

35 automated angiographic injector device are con- 
trolled, monitored arid executed by a central 
processing unit (CPU) 10 such as a commercially 
known Z80A microprocessor which includes a 
memory. The memory comprises a read only 

40 portion (ROM) such as a 2732 EPROM and a 
random access portion (RAM) such as a 4016 
static NMOS RAM coupled to the CPU 10 is an I/O 
module 12 which, under control the CPU 10, 
prompts the operator for certain input parameters 

45 and also alerts the operator of error conditions in 
the system. The I/O module is composed of 
peripheral devices such as the Zilog Z80-PIO 
peripheral input/output controller. An indicator 
panel 14, and keyboard 16 provides operator/ 

so injector device interface. In practice, the panel 14 
includes a flat sealed membrane to shield electri- 
cal switch contacts from contamination. A storage 
module 18 stores pre-programmed injection para- 
meters which may be instantly recalled and sup- 

55 plied to the CPU 10 when a routine injection 
procedure is to be performed. The injection mod- 
ule 18 comprises two primary random access 
memories. Each memory contains a duplicate of 
the information of the other memory, and prior to 

60 an injection procedure, the contents thereof are 
compared for consistency. If inconsistent, the 
injection is inhibited. 

A computer interface 20 provides external 
remote communication with the automated injec- 

65 tor device and functions to transfer both status 
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information and control information with the 
device for remote operation and/or monitoring to 
provide communication compatibility with 
various external devices. The interface 20 
includes, but is not limited to, a standard univer- 
sal asynchronous receive/transmit port connect- 
ible by way of a commercially known RS-232 
serial channel or other parallel interface. 

The contrast media to be injected into the 
patient is normally contained in a syringe, the 
plunger thereof being actuated to force the media 
therefrom into the vascular system of a patient 
through a catheter. The delivery rate and volume 
are normally derived from position signals indica- 
tive of the plunger position. Pressure is derived 
from current supplied to the motor. A servo 
control network 22 applies a conventional error 
signal to a servo system for controlling the posi- 
tion of the syringe plunger to control the flow rate 
and pressure of the contrast media. More speci- 
fically, the servo control network 22 supplies error 
signals to a servo amplifier 24 which energizes a 
conventional D.C. motor for controlling the posi- 
tion of the plunger. 

Also provided for safety enhancement is a 
mechanical stop controller 26 which, under the 
control of the CPU 10 and an interlock safety relay 
28, automatically positions a mechanical stop 
member (subsequently described) under control 
of the CPU 10 to mechanically stop further 
plunger movement thus preventing additional- 
injection after the desired volume of contrast 
media has been injected. The safety relay 28 
alternately enables the mechanical stop motor 
and the plunger motor so that one and only one 
may be operative at a given time. This feature 
enhances reliability because it ensures that the 
mechanical stop fully reaches its appropriate 
position before it is possible to drive of the 
syringe plunger. 

A watchdog circuit 30 monitors certain func- 
tions of the CPU 10 to effect shutdown of the 
system by inhibiting delivery of contrast media in 
the event of a failure or a fault The watchdog 
circuit, as shown in Rgure 1B, consists of a 
retriggerable timer (such as a 74123 monostable 
multivibrator) which generates a pulse after a 
fixed time interval unless a strobe signal is 
received from a data selector 13 before the inter- 
val elapses. Under normal operating condition, 
the CPU 10 executes its control sequence and 
periodically outputs an address to the data selec- 
tor 13 (such as 74154) which generates the strobe 
signal. If a CPU or memory failure occurs, the 
normal program sequence is interrupted, the data 
selector 13 Is not addressed, the strobe signal is 
not generated, and the timer 1 1 is notretriggered. 
The resulting pulse from the timer automatically 
opens the safe relay, thereby removing power 
from the plunger and forcing the processor to 
execute a non-maskable interrupt (NMI). The NMI 
forces the CPU 10 to inform the user of a fault 
condition and then to halt 

Figure 2 depicts the servo amplifier 24 of Rgure 
1A. The servo amplifier provides power to move a 



drive plunger motor 40 under control of digital 
commands from the CPU 10. The servo amplifier 
24 drives a plunger motor 40 which is driven by 
filtered direct current derived from a series of 

5 pulse width modulated current pulses. To drive 
the plunger motor 40, a D.C. voltage source 42 
supplies current to the motor 40 by feeding the 
respective collectors of transistors 46 and 56. To 
drive the plunger motor 40 in a forward direction, 

w a position error detect circuit 50 switches on 
transistor 46 and a pulse-width modulating con- 
trol circuit 52 delivers a series of enabling pulses 
to the field effect transistor (FET) 48. 
the error detect circuit 50 generates follows a 

15 position error signal from the servo control 22 via 
a conductor 54. During forward driving of the 
plunger motor 40, a corresponding set of tran- 
sistors 56 and 58 is switched off. This allows d.c. 
current pulses to flow in a forward direction 

20 through the plunger motor 40. 

To drive the plunger motor 40 in a reverse - 
direction, the error detect circuit 50 switches on 
transistor 56 and the pulse width modulating 
circuit 52 pulses the field effect transistor 58. In 

25 this fashion, the plunger motor 40 is driven in the 
reverse dierction by the supply of d.c. current 
pulses in an opposite direction therethrough. 
Instead of employing FETs 48 and 58, a set of 
silicon controlled rectilius also can be used. 

30 The position error signal supplied to the servo 
amplifier 24 over the conductor 54 indicates 
whether the plunger is ahead of or behind the 
desired position, and also controls the drive 
transistors 46, 56, 48 and 58 in an appropriate 

35 * fashion to that the plunger motor 40 causes the 
plunger (not shown) of the syringe to track the 
desired position to maintain the appropriate flow 
rate, pressure and/or duration. The position error 
signal is proportional to the magnitude of the 

40 difference between the actual position of the 
plunger and the desired position of the plunger. 
As the difference increases, so does the width of 
the drive pulses supplied by the pulse-width 
modulating circuit 52 to the drive transistors 58 

45 and 48. Thus, when the position error signal fs 
large, the average current supplied to the plunger 
motor also increases. 

The servo amplifier 24 also includes a pressure 
limit circuit 60 which functions to inhibit the 

so pulse-width modulating circuit 52 and shut down 
the drive current pulses supplied to the plunger 
motor 40. The circuit 60 constitutes a control 
circuit which informs the servo control when the 
pressure in the syringe exceeds a given set point 

55 established by the processor 10. It does so by 
monitoring motor current which is proportional to 
the fluid .pressure, and operates to reduce the 
motor velocity of the plunger motor 40 by cutting 
the duty cycle of pulse-width modulated current 

60 pulses when the pressure exceeds a preset limit 
The injector device has pressure input means to 
set and/or display the pressure limit in conven- 
tional units of PSI, KPA, KG or ATU. A switch is 
also provided to select and/or display the selected 

65 unit 
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Under normal conditions, when the pressure 
limit has not been exceeded, the servo amplifier 
24 causes the 'plunger position to follow the 
position command established by the processor 
10. A digital-to-analog converter device 74 in the 
servo control portion of the system sets the 
pressure limit command. When actual pressure 
exceeds the programmed pressure limit, the 
pressure limit circuit 60 asserts a pressure limit 
indication signal 64 which informs the CPU 10 to 
stop changing the position command signal. The 
pressure limit command signal is supplied to the 
servo amplifier 24 via conductor 62. When the 
pressure limit signal 64 is no longer present, the 
CPU 10 retakes control by resuming the trans- 
mission of position command signals starting 
from the known plunger position. The plunger 
position, derived from a rotary potentiometer or 
optical encoder, is monitored by a plunger posi- 
tion circuit 66, also embodied in the servo ampli- 
fier 24. The output of the plunger position circuit 
66 is supplied to the servo control 22 via a 
conductor 68. 

Figure 3 depicts a servo control circuit 22 in 
greater detail. The servo control circuit 22 pro- 
vides an interface between the digital and analog 
components of the angiographic device. The CPU 
10 provides digital position command signals via 
conductor 70 to a driver bidirectional buffer 72. 
The digital position command signals are even* 
tuajty converted to an analog signal by a digital- 
to-analog converter 74 which are compared by a 
comparison network in- the error circuit 76 which 
then appears as position error signal on conduc- 
tor 54. As previously indicated, the plunger posi- 
tion error signal on conductor 54 is supplied to 
the servo amplifier 24 of Fig. 2. 

To perform control and monitoring functions, 
an analog multiplexer 75, under control of the 
CPU 10 or a clocking signal, selectively conveys 
analog output signals from the control D/A circuit 
74 or error circuit 76 to an A/D converter 77. The 
A/D converter 77 converts these signals to digital 
form and then, in turn, passes it to the CPU 10. 
The CPU 10 uses these digital signals to perform 
such functions as calibration, self-testing, and 
servo control. These functions are subsequently 
described. 

The servo control circuit 22 also regulates the 
operation of the interlocked mechanical stop/ 
plunger relay in the servo amplifier circuit 24 and 
the mechanical stop controller circuit 26. A peri- 
pheral input/output device 78 in the servo control 
circuit 22 provides means for transferring status 
and control signals to alter the operation of the 
servo amplifier circuit 24 and the mechanical stop 
controller 26. With respect to the interlocked 
mechanical stop/plunger relay operation, the 
input/output circuit 78 removes the plunger ARM 
signal via conductor 80 when the plunger reaches 
a predetermined position as determined by the 
CPU 10 and monitored by the plunger position 
circuit 66 (Figure 2). An ARM signal supplied over 
the conductor 80 is conveyed to the mechanical 
stop controller circuit 26 to actuate a mechanical 



stop drive motor which inhibits further plunger 
movement This feature also will be subsequently 
described. The servo control circuit 22 also gener- 
ates pressure command signals and monitors the 

5 pressure limit 

Figure 4 depicts the mechanical stop controller 
26 wherein a mechanical stop motor 90 couples a 
mechanical stop member to actuate it against the 
plunger drive mechanism to block movements 

io thereof when a predetermined calculated volume 
of contrast media has been injected. 

Similarly to the plunger drive motor 40 of 
Rgure 2, in a preferred embodiment, the mechan- 
ical stop motor 90 turns a ball screw to drive a 

is mechanical stop plate forward. The drive com- 
mand is given to drive the mechanical stop motor 
90 at full speed until the mechanical stop position 
indicator on the mechanical stop mechanism 
indicates that desired position has been attained. 

20 This is accomplished by converting a 
potentiometer position signal supplied over con- 
ductor 111 from the stop mechanism to a digital 
value via an analog/digital converter. When the 
position signal indicates engagement of the stop 

2$ plate, the drive command is removed. 

Rgure 5A depicts an illustrative mechanical 
assembly for driving the piston of a syringe 
containing contrast media. As seen, a movable 
drive plate 200 actuates a piston 202 of a syringe 

30 204 by way of a shaft 206. Although shown in 
spaced-apart relation, the piston 202 connects to 
a spring clip 208 when engaged therewith. The 
spring clip 208 is fastened to the end of the shaft 
206. A plunger drive motor (not shown) corre- 

35 sponding to the motor 40 (Fig. 4) of the controller 
actuates the shaft 206 through the plunger plate 
200. Linear movement of the plunger plate is 
guided by a guide rod 210. 
As previously indicated, a mechanical stop 

40 prevents further movement of the drive shaft 
when a fixed amount of contrast media has been 
injected. To accomplish this task, a stop member 
in the form of a plate 212, is propositioned prior to 
an injection. Prepositioning is done by a stop 

45 motor 214 (corresponding to motor 90 of Fig. 4) 
under control of the CPU 10. Conventional posi- 
tion transducers in the form of resistive 
potentiometers supply position information of the 
stop member 212 to the CPU 10 through an A/D 

so converter. 

Actuation of the stop member 212 is done by 
rotation of shaft 216 having threads mechanically 
coupled to a bore that is journal led through a 
bushing 218 held against the stop plate 212 by a 

55 nut 220. To rotate the shaft 216, motor 214, when 
energized, turns a grooved, flexible drive belt 222, 
which in turn, rotates a drive pulley 224. The 
pulley 224 connects to the shaft 216. 
Rgure 5B depicts a system for visually indicat- 

60 ing the volume of contrast media injected from a 
syringe by utilizing different scales. Each scale 
corresponds to a syringe of a particular size, and 
the "active" scale is indicated by the appropriate 
light being energized. A face card 226 contains 

€5 three separate scales 228, 230, and 232 of d'rffer- 
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ent units corresponding to incremental units of 
media in a syringe 204. Syringes of different 
diameters yield different units of media for the 
same linear movement of the plunger 202. To 
visually indicate which unit applies to a particular 
syringe, LED indicators 234, 236 and 238 are 
provided. One of these indicators is activated by a 
switch to show which scale is active, in which 
case, a needle 240 carried by arm 242 indicates 
relative volume injected, the arm 242 connects to 
the stop plate 212 while the face card 226 con- 
nects to the drive plate 200. 

As previously indicated, the double-throw, 
double-pole operation of the relay 28 (Fig. 1A) 
energizes either the drive motor 90 {Fig. 4) or the 
plunger drive motor 40, but not both simul- 
taneously. The mechanical stop motor 90 func- 
tions similarly to the plunger motor 40 of Figure 2, 
in that it includes a set of field effect transistors 
100, 102, 104 and 106 which are energized to drive 
the mechanical stop motor 90 in a forward and/or 
reverse direction. Direction is controlled by a 
direction circuit 109 in response to a signal from 
the servo control 22 supplied via the conductor 
108. The mechanical limit of the mechanical stop 
motor is controlled by a mechanical stop position 
circuit 110 which responds to a limit switch when 
the stop plate reaches a forward-most position or 
rearward-most position. 

The CPU 10 controls the system using a micro- 
processor and associated program for monitoring 
or eliciting input information (e.g. injection para- 
meters) supplied by an operator and then 
develops command information to control the 
injector device. The CPU 10 communicates with 
the I/O module 12 which interfaces external 
switches on the front control panel of the system. 

The watchdog circuit 30 implements an active 
system for inhibiting injection of contrast media 
in the event of a microprocessor failure. The 
circuit 30 includes a re-settable timer which opens 
the safety relay 44 after a predetermined time 
period unless the CPU 10 actively resets it thus 
allowing this cycle to repeat Thus, if the CPU 10 
fails, the safety relay 44 will be deactivated with- 
out further operation of the CPU 10. 

The I/O module 12 monitors a manual signal 
supplied by the operator via a manual start switch 
12 or an event signal from an external device 
supplied over the conductor 114. As previously 
indicated, the automated angiographic injector 
device may respond to certain cardiac events by 
monitoring an ECG signal thereby to actuate, or 
start an injection, at a predetermined time 
instance during an ECG cycle. This is done using 
well known techniques by the external event 
signal, and is particularly useful during certain 
cardiac studies. 

The control/display panel 14 provides user/ 
device interface for inputting and displaying injec- 
tion parameters, such as syringe size, flow rate, 
volume, duration, pressure limit or rise/fall time. 
This information can be prompted by the CPU 10 
and entered by the operator. The entries are 
echoed back to the operator for a visual verifica- 



tion on a display of the panel 14. In physical 
construction, the panel 14 comprises a sealed 
membrane switch panel that is impervious to 
fluid spills and wipes clean without damage to 

5 switches contained underneath. Prior to an injec- 
tion, the injection parameters are displayed and 
verified by an operator. Verification enables, e.g. 
arms, the injector device, and is preferably 
accomplished manually by depressing a contact 

w switch associated with each injection parameter. 
After an injection, the actual values of flow, 
volume, etc. can be displayed so that the operator 
may confirm an effective or safe injection. 
A pre-programmed injection module 18 pro- 

15 vides non-volatile storage of injection para- 
meters. Specific routine angiographic procedures 
require established flow rates, volumes, 
pressures and linear rise/fall time, but once these 
parameters are established, set-up of the angiog- 

20 raphic device becomes routine. As an added 
convenience, these parameters can be stored in 
the pre-programmed injection module 18 so that 
an injection can proceed immediately after arm- 
ing the system without the necessity to re-enter 

25 the injection parameters. To enhance reliability of 
the pre-programmed injection module 18, the 
stored injection parameters are verified by 
duplicating the values thereof in an auxiliary 
memory. Thus, the pre-programmed injection 

30 module preferably comprises a primary and a 
secondary random access memory for storing 
duplicates of the injection parameters and, prior 
to an injection procedure, the CPU 10 compares 
the contents of both memories to verify the 

35 parameters. Both memories are maintained with 
batteries when power is shut down thereby 
achieving non-volatility. 

Rgure 6 depicts a preferred arrangement of the 
front panel 14 of Rgure 1 for providing an indica- 

40 tion of injection parameters entered, confirmed 
and/or displayed in the device, and for providing 
an indication of control/injection parameters 
under which an injection had taken place. The 
front panel 14 preferably comprises a flat, sealed 

45 membrane covering switches located beneath the 
flexible membrane. This structure seals the 
switches from possible contamination from an 
external environment 
The front panel 14 includes various sections to 

so facilitate entry of injection parameters and for 
displaying the status of an injector procedure. 
Display and entry of information is preferably 
accomplished in human readable format. Speci- 
fically, the front panel 14 includes a sentinel 130 

ss ' which includes an alphanumeric display section 
132. The display section 132 displays, among, 
others, alphabetical and numeric information 
which is entered into the injector device by way of 
an alphanumeric keypad section 134. The keypad 

eo 134 enables entry of both numeric and character 
information in a conventional manner. During 
entry, the information is displayed on the sentinel 
display section 132. 
The front panel also includes a dual function 

€5 control and display section including an indi* 
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vidua! input pad 142 for entering and/or confirm- 
ing, among other parameters, a rise/fall time of 
flow of contrast media. In operation, once the 
switch pad 144 is depressed and the desired rise/ 
fall injection parameter is entered into the device, 5 
the specific rise/fall injection parameter is dis- 
played in the display section 146. Similarly, a 
desired flow rate also can be programmed into 
the injection device. This injection parameter is 
displayed in a flow rate display 148 and entered w 
into the device by switch input pad 150. The units 
of flow rate can be entered or displayed in 
milliliters per second milliliters per minute, or 
milliliters per hour under control of a switch pad 
152. 15 

The duration of an injection can be entered by 
depressing the switch pad 154 and then pressing 
"number" keys on keypad 134. Injection duration 
is displayed in a display portion 156. Any two of 
the three parameters, flow, volume, duration, 20 
may be entered in any order, and the third then 
automatically is calculated. 

The volume of contrast media to be injected 
during an injection sequence is displayed in 
display 158 and is entered and/or confirmed by 25 
the switch pad 160. Similarly, the pressure at 
which the contrast media is to be injected is 
displayed and/or entered, respectively, by display 
162 and switch pad 164. Similarly, x-ray photo 
delay from the time an injection sequence begins 30 
is displayed on display 166 and is entered with 
switch pad 168 and numerical keypad 134. 

To facilitate entry of the injection parameters, 
the CPU 10 effects flashing of indicator lights 
located above the switch pads 144, 150, 152, 154, 35 
160, 164 and 168. For example, when the CPU 10 
prompts the operator to enter the rise/fall injec- 
tion parameter, an indicator light above the 
switch pad 144 flashes. When the appropriate 
value has been entered and is displayed correctly 40 
in the display 146, the switch pad 150 is 
depressed by the operator, whereupon display 
146 ceases to flash and stays lit, while the indi- 
cator light over the switch pad 150 begins flash- 
ing. The flashing sequence advances to the next 45 
injection parameter to be entered as each para- 
meter is entered. 

If a processor-recognizable parameter is not 
entered, the CPU 10 effects generation of an 
alarm, such as an audible beep and/or error so 
message on display 132. Further, the CPU 10 will 
prevent further entry or arming of the device until 
the error has been corrected. As an example, 
entry of an injection volume that is greater than 
the syringe size will cause an error. The panel 14 ss 
also has a contact switch for clearing the contents 
of any parameter or information displayed or 
entered into the injector device. 

The front panel 14 further includes an arming 
section 170 for selecting a single phase or a multi- 60 
phase injection sequence. In order to recall 
routine injection parameters or to store a set of 
injection parameters, a program section 172 is 
provided. In operation, once a set of injection 
parameters is loaded into the device and dis- - £5 



played in the various parameter sections, an 
Identification tag can be generated by way of the 
keypad 134, displayed in the sentinel 132, and 
stored in non-volatile memory by depressing the 
store switch 174. One or more numbers or words, 
or alphanumeric combinations, can be used to 
identify a presto red set of injection parameters. 
The set of injection parameters then is stored in a 
storage module under the name or number which 
appears in the sentinel 132 when stored. That 
same information can be quickly recalled by 
entering the name or number associated with the 
previously stored set of injection parameters by 
depressing recall switch 176. 

Then, before the injector can be armed for 
performing an injection, the operator is required 
to depress each of the switch pads 144, 150, 152, 
1 54, 160/ 1 64 and 1 68, to verify the accuracy of the 
injection parameters being displayed. 

During a multi-phasic injection sequence, a 
number of injections may be performed without 
disarming the machine after delivery of the pro- 
grammed injection volume. Each depression of 
the main start switch 112 will deliver the same 
volume until insufficient volume remains in the 
syringe. A switch pad 178 in the arming section 
activates the device for a multi-phasic injection 
sequence. A level control section 182 indicates 
the number of levels in a single phase or multi- 
phasic injection sequence. The specific level may 
be incremented or decremented by way of switch 
pads 184 and 186 and parameters for each level 
are entered on switch pads 144, 150, 152, 154, 
160, 164, and 168. During a single phase injection, 
the rise/fall time, flow rate, volume, and pressure 
for each level are delivered until all levels (up to 9) 
are completed or the injection is terminated. 
During multi-phasic injections, all levels are 
delivered in continuous sequence unit the injec- 
tion is complete. 

Each time the start switch 112 is pressed, the 
same injection is delivered without first rearming 
the machine via multi-arm keypad 178. 

The central processing unit 10 also provides a 
self-calibration and a self test feature. Self-cali- 
bration allows proper servicing of critical analog/ 
digital and digital/analog converters in the 
system. Upon calling up of appropriate software 
routines, the processor commands a digital/ 
analog converter 74 to transmit a corresponding 
analog value, which is then switched through an 
appropriate analog/digital converter 74. The con- 
verted value is then compared with the original 
digital value thereby to allow adjustment of gain 
and offsets in the servo control system. 

The injector allows the user to enter a syringe 
size which is used to automatically adjust internal 
machine parameters to deliver the programmed 
flows, volumes, and pressures. Syringe size entry 
is made by answering questions posed by the 
sentinel display 132 although automatic detection 
of size may be accomplished by means of 
mechanical switches located behind the turret 
assembly. 

Likewise,, a self-test feature of the invention 
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embodies software routines executed by the cen- 
tral processor 10 which initiates checks of the 
electrical components, such as the memory, 
address and data busses, device decoding and 
checks the accuracy of the data conversion hard- 
ware. These functions are accomplished by con- 
ventional hardware and specialized software 
routines, the latter being described in the flow 
charts of Figures 7 A, 7B, 7C and 7D. If failures are 
detected by CPU 10, an appropriate diagnostic 
message appears on sentinel display 132 to aid in 
repairing the machine. 

Figures 8A, 8B, 8C and 8D are flow diagrams 
showing the general operational sequence of the 
automated injector device for performing an injec- 
tion as described above. 

In view of the foregoing disclosure, it is seen that 
the specified advantages are obtained by provid- 
ing automated control of an angiographic injector 
device. The disclosure hereof is illustrative and is 
not intended to limit the scope of the invention as 
defined by the appended claims. Several modifi- 
cations, changes and adaptations can be made by 
those skilled in the art without departing from the 
scope of the invention as defined by the appended 
claims. For example, the data acquisition modules 
essentially comprises analog-to-digital and digi- 
tal-to-analog converters, but are not limited to the 
same. These may be substituted by other types of 
data acquisition units to obtain information to 
provide the control of duration, flow rate and 
pressure of contrast media. Likewise, a closed- 
loop servo control system is shown, but the 
invention may be practiced with other types of 
control systems. Accordingly, it is the intent of 
each inventor to include all such modifications as 
may come within the true scope of the invention 
which is defined by the appended claims. 

Claims 

1. An angiographic injector device for injecting 
contrast media into the vascular system of a 
patient, said device comprising: 

means (204) for holding a reservoir containing 
contrast media and including a discharge port 
through which the media is discharged, and 

drive means (24) for effecting discharge of said 
media through said discharge port, characterized 
in that it further comprises: 

receiving means for receiving at least one 
injection control parameter which includes at least 
one parameter selected from a group including 
flow rate of contrast media, volume of contrast 
media, duration of an injection, pressure limit of 
said contrast media, x-ray photo delay, inject delay 
and flow rise/fall time of pressure of contrast 
media, 

processor control means (10) for generating at 
least one injection control signal as a function of 
said at least one injection parameter supplied 
thereto and for supplying said control signal to 
said drive means (24) thereby to effect controlled 
discharge of said media, 

wherein said drive means (24) and processor 



control means (10) comprise a closed loop servo 
system responsive to a position command signal 
produced by said processor control means (10). 
Z An angiographic injector device as recited in 

5 claim 1, wherein said injection control parameter 
is the pressure of the media in the reservoir and 
wherein said drive-means (24) and processor 
control means (1 0) comprise pressure limit means 
(60) responsive to a pre-established pressure limit 

70 signal for inhibiting the responsiveness of said 
servo system to said position command signal 
when the pressure in said reservoir exceeds said 
pre-established limit 

3. An angiographic injector device as recited in 
is claim 2, wherein said pressure limit means 

includes means to receive said pre-established 
pressure limit signal in units of PSI, KPA, KG, or 
ATU and said angiographic injector device further 
includes switch means for selecting one of said 
20 units indicative of said pre-established pressure 
limit signal. 

4. An angiographic injector device as recited in 
claim 1 or 2, wherein said reservoir comprises a 
syringe having a piston (202) for forcing media 

25 through the discharge port thereof, said drive 
means comprises a d.c. servo motor (40) oper- 
atively connected to said piston, and said control 
means includes means for supplying to said d.c. 
motor a d.c. current (52) derived from a pulse- 
so width-modulated drive current having duty cycle 
that is proportional to the difference between the 
actual and the desired positions of said piston 
during an injection. 

5. An angiographic injector device as recited in 
35 claim 1 or 4, further including' mechanical stop 

controller means (26) responsive to a pre-estab- 
lished forward limit of said piston to inhibit said 
drive means for discharging media from said 
syringe, said forward limit being determined by 
40 said processor control means. 

6. An angiographic injector device as recited in 
claim 5, wherein said mechanical stop controller 
means comprises a stop member (212) and a d.c. 
stop motor (214) operatively connected to said 

45 stop member, means (66) for monitoring the 
position of said piston, means (74) for producing a 
stop command signal when the position of said 
piston reaches said forward limit, and means 
responsive to said stop command signal to actuate 

so said stop motor which, in turn, advances said stop 
member to mechanically prevent forward move- 
ment of said piston. 

7. An angiographic injector device as recited in 
• claim 6, wherein said processor control means 

55 includes control means (1 10) for establishing said 
pre-established forward limit of said stop member 
in dependence on the value of an Injection para- 
meter supplied thereto. 

8. An angiographic injector device as recited in 
60 claim 7, further including safety relay means (28, 

44) for alternatively enabling one of said drive 
means and said mechanical stop controller means 
thereby to prevent movement of said drive means 
while said mechanical stop controller is actuated. 
65 9. An angiographic injector device as recited in 
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claim 8, further comprising an indicator tight for 
visually indicating the position of said mechani- 
cal stop member and a second indicator light 
corresponding to the position of said piston rela- 
tive to said first indicator light. 

10. An angiographic injector device as recited 
in claim 1, further comprising: 

watchdog means (30) for inhibiting said drive 
means in response to a failure of said processor 
control means. 

11. An angiographic injector device as recited 
in claim 10, wherein said watchdog means com- 
prises resettable timer means responsive to a 
reset signal for producing a shut-down signal 
after a predetermined time interval, and said 
processor control means includes means for 
periodically producing said reset signal whereby 
to inhibit passively said drive means in the event 
of failure of said processor control means. 

12. An angiographic injector device as recited 
in claim 1 or 11, wherein said processor control 
means includes means for eliciting at least one 
injection parameter from an operator of said 
injector device thereby to facilitate use thereof. 

13. An angiographic injector device as recited 
in claim 12, wherein said at least one injection 
parameter includes at lesat one parameter 
selected from a group including flow rate of 
contrast media, volume of contrast media, dura- 
tion of an injection, pressure limit of said con- 
trast media, x-ray photo delay, inject delay and 
flow rise/fall time of pressure of contrast media. 

14. An angiographic device as recited in claim 
1 or 13, including receiving means having a 
sealed, flat membrane control panel (14) with 
individual input pads associated with each of 
said at least one injection parameter, each said 
input pad being operable for inputting into said 
control means an associated injection parameter. 

15. An angiographic device as recited in claim 
14, wherein said processor control means further 
includes arming means (170) responsive to the 
actuation of each of said at least one input pad 
for enabling said drive means and for inhibiting 
said drive means when any one of said at least 
one said input pad is not actuated. 

16. An angiographic injector device as recited 
in claim 1 or 13, further comprising: primary 
memory means (18) for storing said at least one 
injection parameter, secondary memory means 
for storing a duplicate of the contents of said at 
least one injection parameter, and parameter 
verification means for comparing the injection 
parameters of said primary and secondary 
means and for inhibiting said drive means when 
a mismatch in stored Injection 'parameters 
occurs. 

17. An angiographic injector device as recited 
in claim 1 or 13, further comprising memory 
means (18) for storing a set of injection para- 
meters, means for producing an identification 
tag for each set of said at least one injection 
parameters and for storing said tag with said set 
in said memory means, recall means responsive 
to a given tag for recalling from said memory 



means an associated set of injection parameters 
and for supplying said recalled set of injection 
parameters to said receiving means thereby to 
enable quick recall of routine sets of injection 
5 parameters without operator input prior to an 
injection. 

18. An angiographic injector device as recited 
in claim 17, further including means for recalling 
and sequencing through each of said recalled 

w injection parameters of a given set and for elicit- 
ing information to amend a particular injection 
parameter. 

19. An angiographic injector device as recited 
in claim 17, further including means for verifying 

15 each of said recalled input parameters prior to an 
injection. 

20. An angiographic injector device as recited 
in claim 19, wherein said means for verifying 
comprises a manual switch associated with each 

20 of said at least one injection parameter. 

21. An angiographic injector device as recited 
in claim 19, wherein said means for verifying 
comprises redundant memories for storing each 
of said injection parameters, means for compar- 

25 ing the contents of said injection parameter 
stored in said redundant memories, and means 
for disabling said injector device or alerting the 
operator in the event of a difference in said 
comparison of data between said redundant 

30 memories. 

22. An angiographic injector device as recited 
in claim 21, wherein each of said redundant 
memories comprises a random access memory 
powered by a separate battery. 

35 23. An angiographic injector device as recited 
in claim 16, wherein said primary and secondary 
memory means includes means for retaining 
said injection parameters in the absence of 
power to said injector device. 

40 24. An angiographic injector device as recited 
in claim 1, further comprising: interface means 
(20) connected to said processor control means 
for transferring status information or an injection 
parameter with said Injector device. 

45 25. An angiographic injector device as recited 
in claim 24, wherein said interface means 
includes a universal asynchronous receive/trans- 
mit port for providing communication with an 
external device. 

so 26. An angiographic injector device as recited 
in claim 1, wherein said control means includes 
mufti-level injection control means for sequen- 
tially changing a given set of injection para- 
meters during an injection. 

55 27. An angiographic injector device as recited 
in claim 26, further including means (142) for 
pre-establishing a rise/fall time of pressure level 
of said contrast media between successive phase 
of a multi-phase injection sequence. 

so 28. An angiographic injector device as recited 
in claim- 1, further comprising: self-calibration 
means including means for producing a test 
command signal to position said drive means at 
a test position, said monitoring means being 

65 operative to detect the actual position of the 
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drive means as the operational condition, means 
for comparing the test position with the actual 
position, and means for re-calibrating said drive 
means on the basis of said comparison. 

29. An angiographic injector device as recited in 
claim 1, further including: serf-test means for 
automatically checking the accuracy of said con- 
trol means and for producing an indication of a 
predetermined deviation from a desired accuracy 
and for inhibiting an injection in response thereto. 

30. An angiographic injector device as recited in 
claim 29, wherein said self-test means comprises 
means for checking the operational condition of 
said processor control means and said memory 
means. 

31 . An angiographic injector device as recited in 
claim 30, wherein said self-test means comprises 
means for executing instructions of said pro- 
cessor control means using test data and means 
for checking the results of each said executed 
instruction with a pre-established correct result 

32. An angiographic injector device as recited in 
claim 30, wherein said self-test means comprises 
means for writing known data in said memory 
means, means for reading back said known data 
written to said memory means, and means for 
comparing the read back data and the known data 
thereby to check the operational status of said 
memory means. 

33. An angiographic injector device as recited in 
claim 30, wherein said memory means comprises 
a read only memory and said self-test comprises 
check means for verifying the contents of said 
read only memory. 

34. An angiographic injector device as recited in 
claim 30, wherein said self-test means further 
comprises analog-to-digital and digital-to-analog 
testing means for checking the accuracy of sen- 
sors, A/D converters and D/A converters of said 
injector device. 

35. An angiographic injector device as recited in 
claim 30, wherein said serf-test means sends a 
digital word to be converted to an analog signal to 
a digital-to-analog converter, and means for ver- 
ifying the accuracy of said digital-to-analog con- 
verter on the basis of said transmitted infor- 
mation. 

36. An angiographic injector device as recited in 
claim 34, wherein said self-test means generates 
and transmits a calibrated analog signal to an A/D 
converter and means for verifying the accuracy of 
the digital signal converted by said A/D converter. 

37. An angiographic injector device as recited in 
claim 34, wherein said serf-test means further 
comprises means for checking said pressure limit 
means. 

38. An angiographic injector device as recited in 
claim 30, wherein said self-test means further 
comprises means for monitoring current supplied 
to said drive means on the basis of a calibrated 
controlled command current setting thereby to 
verify the operation of said drive means. 

39. An angiographic injection device as recited 
in claim 1, wherein said monitored operation 
condition is an ECG waveform representative of a 



cardiac cycle of the patient and means for auto- 
amtically effecting injection of a given quantity of 
media at a controlled rate during a given time 
interval of said cardiac cycle thereby to facilitate 
5 x-ray photography that is synchronized with said 
ECG waveform. 

40. An angiographic injection device as recited 
in claim 1, including a flat, sealed membrane 
control panel (14) having at least one input pad 

m for each of said at least one injection parameter, 
said input pads being operable for entering said 
injection parameter. 

41. An angiographic injector device as recited in 
claim 1, comprising a sealed, flat membrane 

is control panel (14) having a human readable for- 
mat section to dispaly operator inputs and to 
indicate output information pertaining to the 
injector device, a dual function control and dis- 
play panel section for entering and displaying 

20 injection parameters, a numerical keypad section 
(134) for entering alpha numeric information, a 
pre-programmed injection section for storing pre- 
established injection parameters, and an arming 
control sechion (170) for enabling said drive 

25 means in response to information stored in said 
injection device and operator input 

42. An angiographic injector device as recited in 
claim 41, wherein said dual function control and 
display panel section includes means for clearing 

30 said display panel section and said human read- 
able format section of information. 

43. An angiographic injector device as recited in 
claim 41, further comprising a multi-phasic injec- 
tion control section (182) for receiving at least two 

35 . sets of injection control parameters, and means 
for successively effecting injection in accordance 
with each set of injection control parameters. 

44. An angiographic injector device as recited in 
claim 41, wherein said control means comprises 

40 means for eliciting from an operator a number of 
injection parameters, and said dual function con- 
trol and display panel section comprises an indi- 
cator light associated with each said injection 
parameter, means operable during elicitation of 

45 each said input parameter for effecting flashing of 
said indicator light for alerting the operator of a 
particular injection parameter to be entered, and 
means for terminating said flashing when the 
injection parameter has been entered and for 

so effecting flashing of a next successive indicator 
light associated with a next successive input 
parameter is to be entered by the operator. 

45. An angiographic injector device as recited in 
claim "44, wherein said control means further 

55 comprises means (76) for recognizing errors of an 
injection parameter entered by an operator, and 
means for generating an audible alert signal upon 
recognition of said error. 

46. An angiographic injector device as recited in 
50 claim 1, wherein said reservoir comprises a 

syringe having a plurality of scales (228, 230, 232) 
disposed on a side wall thereof and an indicator 
light (226) for indicating a selected scale whereby 
to enable visual observation of volume injected 
65 during an injection procedure. 
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47. An angiographic injector device as recited in 
claim 1 f wherein said control means includes 
means (182) for effecting multi-phasic injection 
sequences wherein, during each injection phase, 
the injection of contrast media is controlled 
according to individual sets of injection para- 
meters successively supplied to said control 
means. 

48. An angiographic injector device as recited in 
claim 47, wherein between each phase of said 
multi-phasic injection, the rise/fall magnitude of 
pressure of contrast media is controlled at a 
predetermined level. 

49. An angiographic injector device as recited in 
claim 48, further including means for verifying 
each parameter of a set of injection parameters 
between successive phases of a multi-phasic 
injection sequence. 

50. An angiographic injector device as recited in 
claim 1, further comprising: 

control means for regulating the discharge of 
said contrast media, said control means further 
including self test means for monitoring an oper- 
ational state of said angiographic injector device 
and for producing an error signal in the event that 
a fault is detected. 

51. An angiographic injector device as recited in 
claim 50 including memory means (18) for storing 
information pertaining to said injection and A/D 
and D/A convenors for interfacing analog and 
digital control and status signals, wherein said 
monitored condition includes the operational 
state of said processor control means, said 
memory, and said A/D and D/A converters. 

52. An angiographic injector device as recited in 
claim 50, wherein said monitored condition 
includes excessive pressure of said contrast 
media during an injection, excessive current 
drawn by said drive means, excessive positional 
error of said drive means, and said control means 
is responsive to inhibit said injector device in the 
event that said operational states are excessive. 

53. An angiographic injector device as recited in 
claim 1, wherein said control means further 
includes computer interface means (20) for pro- 
viding external communication with said angiog- 
raphic injector device. 

54. An angiographic injector device as recited in 
claim 53, wherein said computer interface means 
comprises a data channel for allowing external 
communication with said external device for 
transferring information including control and 
status information. 

55. An angiographic injector device as recited in 
daim 54, wherein said external computer inter- 
face comprises a universal asynchronous 
receiver/transmit port. 

> 

Patentanspruche 

1. Angiographischer Injektor zum Injizieren von 
Kontrastmrttel in das GefaBsystem eines Patien- 
ten, welcher Injektor umfaBt: 

eine Einrichtung (204) mit einem Vorratsbehal- 
ter fOr Kontrastmittei und einer AuslaSoffnung, 



durch die hindurch das Mittel abgegeben wird, 
und 

einen An trie b (24) zur Abgabe des genannten 
Mittels durch die genannte AuslaBoffnung 

5 dadurch gekennzeichnet daB der Injektor auBer- 
dem umfaBt: 

eine Empfangseinrichtung zum Aufnehmen 
von mindestens einem Injektions-Steuerparame- 
ter, der mindestens einen Parameter aus der 

10 Gruppe der folgenden Parameter umfaBt: Durch- 
fluBmenge des Kontrastmittels, Volumen des 
Kontrastmittels, Dauer einer Injektion, Druckbe- 
grenzung des genannten Kontrastmittels, Verzo- 
gerung der Rontgenaufnahme, Verzogerung der 

15 Injektion und AnstiegsVAbfallzeit des Stromungs- 
d rucks des Kontrastmittels, 

eine Steuereinheit (10) zum Erzeugen von min- 
destens einem Injektions-Steuersignal in Abhan- 
gigkeit von dem genannten mindestens einen 

20 zugefuhrten Injektionsparameter und zum Weiter- 
leiten des genannten Steuersignals zu dem 
genannten Antrieb (24), urn auf diese Weise eine 
gesteuerte Abgabe des genannten Mittels herbei- 
zufGhren, 

25 worin der genannte Antrieb (24) und die 
. genannte Steuereinheit (10) einen geschlossenen 
Servo-Reg el kreis bilden, der auf ein Stellungs- 
steuersignal anspricht, das von der genannten 
Steuereinheit (10) erzeugt wird. 

30 2. Angiographischer Injektor nach Anspruch 1, 
dadurch gekennzeichnet, daB der genannte Injek- 
tionssteuerparameter der Druck des Mittels in 
dem Behalter ist und daB der genannte Antrieb 
(24) und die genannte Steuereinheit (10) eine 

35 Druckbegrenzungseinrichtung (60) umfassen, die 
auf ein Signal fur einen voreingestellten Grenz- 
druck ansprechen, umsdas Ansprechen des 
genannten Servosystems auf das genannte Stet- 
lungssteuersignal zu verhindern, wenn der Druck 

40 In dem genannten Behalter den genannten vor- 
eingestellten Grenzwert ubersteigt. 

3. Angiographischer Injektor nach Anspruch 2, 
dadurch gekennzeichnet, daB die genannte 
Druckbegrenzungseinrichtung eine Einrichtung 

45 zum Aufnehmen des genannten Signals des vor- 
eingestellten Grenzd rucks in psi- kPa- kg- oder 
atu-Einheiten umfaBt, und daB der genannte 
angiographische Injektor auBerdem eine Schalt- 
einrichtung fur die Wahl einer der genannten, das 

so genannte voreingestellte Grenzdrucksignal anzei- 
genden Einheiten umfaBt 

4. Angiographischer Injektor nach Anspruch 1 
oder 2, dadurch gekennzeichnet, daB der 
genannte Behalter eine Spritze aufweist deren 

55 Kolben (202) das Mittel durch die Abgabeoffnung 
der Spritze druckt, daB der genannte Antrieb 
einen Gleichstromservomotor (40) aufweist, der 
in Wirkverbindung mit dem genannten Kolben 
stent, und daB die genannte Steuereinheit eine 

60 Einrichtung umfaBt, die dem genannten Gleich- 
strom motor einen Gleichstrom (52) zufuhrt, der 
von einem pulsbreitenmodulierten Treiberstrom 
abgeleitet ist, dessen Tastverhaltnis proportional 
der Differenz zwischen der augenblicklichen und 

65 der gewunschten Stellung des genannten Kol- 
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bens wan rend einer Injektion ist 

5. Angiographischer Injektor nach Anspruch 1 
oder 4, weiter gekennzeichnet durch einen 
mechanischen Arretierregler (26), der auf eine 
voreingestellte vordere Grenze des genannten 
Kolbens anspricht urn den genannten Antrieb 
daran zu hindern, das Mitt el aus der Spritze 
abzugeben, wobei die genannte vordere Grenze 
von der genannten Steuereinheit bestimmt wird. 

6. Angiographischer Injektor nach Anspruch 5 r 
dadurch gekennzeichnet daB der genannte 
mechanische Arretierregler ein Arretierteil (212) 
und einen in Wirkverbindung mrt dem genannten 
Arretierteil stehenden Gleichstrom-Arretierrnotor 
(214) aufweist, eine Einrichtung (66) zum Oberwa- 
chen der Stellung des genannten Kolbens, eine 
Einrichtung (74) zum Erzeugen eines Arretiersteu- 
ersignals, wenn die Stellung des genannten Kol- 
bens die genannte vordere Grenze erreicht und 
eine auf das genannte Arretiersteuersignal 
ansprechende Einrichtung, um den genannten 
Arretiermotor zu betatigen, der seinerseits das 
genannte Arretierteii vorschiebt, um die Vor- 
wartsbewegung des genannten Kolbens mecha- 
nisch zu verhindern. 

7. Angiographischer Injektor nach Anspruch 6, 
dadurch gekennzeichnet, daB die genannte 
Steuereinheit eine Steuereinrichtung (110) 
umfaBt die die genannte voreingestellte vordere 
Grenze des genannten Arretierteils in Abhangig- 
keit von dem Wert eines zugefuhrten Injektions- 
parameters einstellt. 

8. Angiographischer Injektor nach Anspruch 7, 
weiter gekennzeichnet durch eine Sicherheitsre- 
laiseinrichtung (28, 44), die wechselweise den 
genannten Antrieb oder den genannten mechani- 
schen Arretierregler betatigt um dadurch die 
Bewegung des genannten Antriebs zu verhin- 
dern, wahrend der genannte mechanische Arre- 
tierregler betatigt wird. 

9. Angiographischer Injektor nach Anspruch 8, 
weiter gekennzeichnet durch eine Leuchtanzeige 
zum visuellen Anzeigen der Stellung des genann- 
ten mechanischen Arretierteils und eine zweite 
Leuchtanzeige, die der Stellung des genannten 
Kolbens gegenuber der genannten ersten Leucht- 
anzeige entspricht 

10. Angiographischer Injektor nach Anspruch 1, 
weiter umfassend: 

eine Uberwachungsetnrichitung (30) zum Sper- 
ren des genannten Antriebs im Falle einer Sto- 
rung der genannten Steuereinheit 

11. Angiographischer Injektor nach Anspruch 
10, dadurch gekennzeichnet, daB die genannte 
Oberwachungseinrichtung einen ruckstellbaren 
Zeitgeber umfaBt der auf ein Ruckstellsignal 
anspricht zum Erzeugen eines Abscha It-Signals 
nach einem vorbestimmten Zeitintervall, und daB 
die genannte Steuereinheit eine Einrichtung zum 
periodischen Erzeugen des genannten Ruckstell- 
signals umfaBt wodurch der genannte Antrieb im 
Falle einer Stoning der genannten Steuereinheit 
passiv gesperrt wird. 

12. Angiographischer Injektor nach Anspruch 1 
oder 11, dadurch gekennzeichnet, daB die 



genannte Steuereinheit eine Einrichtung auf- 
weist, die den Operateur des genannten Injektors 
zur Eingabe mindestens eines I njektionspara me- 
ters veranlaBt, wodurch der Gebrauch des Injek- 
5 tors vereinfacht wird. 

13. Angiographischer Injektor nach Anspruch 
12, dadurch gekennzeichnet, daB der genannte 
mindestens eine Injektionsparameter mindestens 
einen Parameter umfaBt der aus einer foigende 

10 Parameter umfassenden Gruppe gewahlt ist: 
DurchfiuBmenge des Kontrastmittels, Volumen 
des Kontrastmittels, Dauer einer Injektion, Druck- 
grenze des genannten Kontrastmittels, Verzoge- 
rung der Rontgenaufnahme, Injektionsverzoge- 

15 rung und Str6mungs-Anstiegs-/Abfallzeit des 
Drucks des Kontrastmittels. 

14. Angiographischer Injektor nach Anspruch 1 
oder 13, umfassend eine Aufnahmeeinrichtung 
mit einem angedichteten, ebenen Membransteu- 

20 erfeld (14) mit einzelnen Eingabeblocken, die 
jedem bzw. dem mindestens einen Injektionspa- 
rameter zugeordnet sind, wobei jeder der 
genannten Eingabeblocke betatigt werden kann, 
um in die genannte Steuereinheit einen zugeord- 

25 neten Injektionsparameter einzugeben. 

15. Angiographischer Injektor nach Anspruch 
14, dadurch gekennzeichnet, daB die genannte 
Steuereinheit auBerdem eine Aktivierungsein- 
richtung (170) aufweist, die auf das Betatigen 

30 jedes bzw. des genannten mindestens einen Ein- 
gabeblocks zum Einschalten des genannten 
Antriebs und zum Sperren der genannten 
Antriebseinrichtung anspricht, wenn irgendein 
bzw. der genannte mindestens eine Eingabeblock 

35 nicht betatigt ist 

16. Angiographischer injektor nach Anspruch 1 
oder 13, weiter gekennzeichnet durch: einen 
ersten Speicher (18) zum Speichern des genann- 
ten mindestens einen Injektionsparameters, einen 

40 Zusatz-Speicher zum Speichern des Doppels des 
Inhalts des genannten mindestens einen Injek- 
tionsparameters, und eine Parametemachpru- 
fungseinrichtung zum Vergleichen der Injektions- 
parameter des genannten ersten und des Zusatz- 

45 Speichers und zum Sperren des genannten 
Antriebs, wenn eine Fehlanpassung der gespei- 
cherten Injektionsparameter auftritt 

17. Angiographischer Indikator nach Anspruch 
1 oder 13, weiter gekennzeichnet durch einen 

so Speicher (18) zum Speichern eines Satzes von 
Injektionsparameters, eine Einrichtung zum 
Erzeugen eines Identrflkationsetiketts fur jeden 
Satz der genannten mindestens einen Injektions- 
parameter und zum Speichern des genannten 

55 Etiketts mit dem genannten Satz in dem genann- 
ten Speicher, eine Ruckholeinrichtung, die auf ein 
gegebenes Etikett anspricht um von dem 
genannten Speichern einen zugehorigen Satz von 
Injektionsparametern zuruckzuholen, und die den 

60 genannten zuruckgeholten Satz von Injektionspa- 
rametern der genannten Aufnahmeeinrichtung 
zufGhrt, wodurch ein schneller ROckruf von Pro- 
grammsatzen von Injektionsparametern ohne 
Eingabe durch den Operateur vor einer Injektion 

65 mdglich wird. 
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18. Angiographischer Injektor nach Anspruch 
17, weiter gekennzeichnet durch eine Einrichtung 
zum RQckholen eines gegebenen Satzes und Ein- 
reihen Gber jeden def genannten zuruckgeholten 
Injektionsparameter zum Entnehmen von Infor- 
mation fur die Berichtigurig eines bestimmten 
Injektionsparameters. 

19. Angiographischer Injektor nach Anspruch 
12, weiter gekennzeichnet durch eine Einrichtung 
zum Uberprufen jedes der genannten zuruckge- 
holten Eingabeparameters vor einer Injektion. 

20. Angiographischer Injektor nach Anspruch 
19, dadurch gekennzeichnet, daB die genannte 
Uberprufungseinrichtung einen Handschalter 
umfaBt, der jedem bzw. dem genannten minde- 
stens einen Injektionsparameter zugeord net ist. 

21. Angiographischer Injektor nach Anspruch 
19, dadurch gekennzeichnet daB die genannte 
Oberprufungseinrichtung uberzahlige Speicher 
zum Speichem jedes der genannten Injektionspa- 
rameter umfaBt, ferner eine Einrichtung zum Ver- 
gleichen des Inhalts der in den genannten uber- 
zahligen Speichern gespeicherten Injektionspara- 
meter und eine Einrichtung zum Abschalten des 
genannten Injektors oder zum Alarmieren des 
Operateurs, wenn ein Unterschied beim Datenver- 
gleich zwischen dem genannten uberzahligen 
Speichern auftritt. 

22. Angiographischer Injektor nach Anspruch 
21, dadurch gekennzeichnet, daB jeder uberzah- 
lige Speicher einen von einer getrennten Batterie 
gespeisten RAM-Speicher aufweist. 

23. Angiographischer Injektor nach Anspruch 
16, dadurch gekennzeichnet, daB der genannte 
erste und der Zusatz-Speicher eine Einrichtung 
zum Sichern der genannten Injektionsparameter 
beim Stromausfall an dem genannten Injektor 
aufweist. 

24. Angiographischer Injektor nach Anspruch 1, 
weiter gekennzeichnet durch: eine mit der 
genannten Steuereinheit verbunderis Schnittstelle 
(20) zum Ubertragen von Statusinformationen 
oder eines Injektionsparameters zu dem genann- 
ten Injektor. 

25. Angiographischer Injektor nach Anspruch 
24, dadurch gekennzeichnet, daB die genannte 
Schnittstelle einen Universal-Empfangs/Sende- 
Port zur Herbeifuhrung der Kommunikation mit 
einem AuBengerat umfaBt 

26. Angiographischer Injektor nach Anspruch 1, 
dadurch gekennzeichnet, daB die genannte 
Steuereinheit eine Mehrphasen-lnjektionssteue- 
rung zum sequentiellen Andem eines gegegeben 
Satzes von Injektionsparameters wahrend einer 
Injektion umfaBt 

27. Angiographischer Injektor nach Anspruch 
26, weiter gekennzeichnet durch eine Einrichtung 
(142) zum Vpreinstellen eines Werts der Druckan- 
stiegs-/Druckabfallszeit des genannten Kontrast- 
mittels zwischen aufeinanderfolgenden Phasen 
einer Mehrphaseninjektionsfolge. 

28. Angiographischer Injektor nach Anspruch 1, 
weiter gekennzeichnet durch eine selbsteichende 
Einrichtung zum Erzeugen eines Teststeuersi- 
gnals, umd en genannten Antrieb auf eine Test- 



stellung einzustellen, welches genannte Kontroll- 
glied so wirkt, daB es die augenblockliche Stellung 
des Antriebs als Betriebsbedingung feststellt, eine 
Einrichtung zum Vergleichen der Teststel lung mit 
5 der augenblicklichen Stellung und eine Einrich- 
tung zum Nacheichen des genannten Antriebs auf 
der Grundlage des genannten Vergleichs. 

29. Angiographischer Injektor nach Anspruch 1, 
weiter gekennzeichnet durch: eine selbsttatig 

io arbeitende Prufeinrichtung zum automatischen 
Prufen der Genauigkeit der genannten Steuerein- 
heit und zum Erzeugen einer Anzeige einer vorbe- 
stimmten Abweichung von einer verlangten 
Genauigkeit und in deren Folge zum Verhindem 

is einer Injektion. 

30. Angiographischer Injektor nach Anspruch 

29, dadurch gekennzeichnet, daB die genannte 
selbsttatig arbeitende Prufeinrichtung eine Ein- 
richtung zum Prufen der Betriebsgenauigkeit der 

20 genannten Steuereinheit und der genannten Spei- 
cher aufweist. 

31. Angiographischer Injektor nach Anspruch 

30, dadurch gekennzeichnet, daB die genannte 
selbsttatig arbeitende Prufeinrichtung eine Ein- 

25 richtungzum Ausfuhren von Befehlen der genann- 
ten Steuereinheit aufweist, wobei Testdaten und 
Testeinrichtungen zum Vergleichen der Ergeb- 
nisse jedes einzelnen der genannten ausgefuhrten 
Befehle mit einem vorher aufgestellten richtigen 

30 Ergebnis angewandt werden. 

32. Angiographischer Injektor nach Anspruch 
30, dadurch gekennzeichnet, daS die genannte 
selbsttatig arbeitende Prufeinrichtung eine Ein- 
richtung zum Einschreiben bekannter Daten in den 

35 genannten Speicher aufweist, ferner eine Einrich- 
tung zum Abrufen der genannten, in den genann- 
ten Speicher eingeschriebenen bekannten Daten, 
und eine Einrichtung zum Vergleichen der abgeru- 
fenen Daten mit den bekannten Daten, um auf 

40 diese Weise den Betriebszustand des genannten 
Speichers zu uberprufen. 

33. Angiographischer Injektor nach Anspruch 
30, dadurch gekennzeichnet, daB der genannte 
Speicher einen ROM-Speicher aufweist und die 

45 genannte selbsttatig arbeitende Prufeinrichtung 
eine Uberprufungseinrichtung zum Prufen des 
Inhalts des genannten ROM-Speichers aufweist 

34. Angiographischer Injektor nach Anspruch 
30, dadurch gekennzeichnet, daB die genannte 

so selbsttatig arbeitende Prufeinrichtung auBerdem 
eine Analog/Digital- und Digital/Analog-Testein- 
richtung zum Uberprufen der Genauigkeit von 
Sensoren, A/D-Umsetzern und D/A-Umsetzem des 
genannten Injektors aufweist 

55 35. Angiographischer. Injektor nach Anspruch 
30, dadurch gekennzeichnet, daB die genannte 
selbsttatig arbeitende Prufeinrichtung ein in ein 
Analogsignal umzuwandelndes Digitalwort einem 
Digital/Analog-Umsetzer zuleitet, und gekenn- 

6Q zeichnet durch eine Einrichtung zum Uberprufen 
der Genauigkeit des genannten Digital/An a log- 
Umsetzers aufgrund der Obertragenen Informa- 
tion. 

36. Angiographischer Injektor nach Anspruch 
65 34, dadurch gekennzeichnet daB die genannte 
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selbsttatig arbeitende Prufeinrichtung ein geeich- 
tes Analogsignal erzeugt und einem A/D-Umset- 
zer zule'rtet, und gekennzeichnet durch eine Ein- 
richtung zum Oberprufen der Genauigkert des 
von dem genannten A/D- Umsetzer umgesetzten 
DIgitalsignals. 

37. Angiographischer Injektor nach Anspruch 
34, dadurch gekennzeichnet, daS die genannte 
selbsttatig arbeitende Prufeinrichtung au&erdem 
eine Einrichtung zum Prufen der genannten 
Druckbegrenzungseinrichtung aufweist 

38. Angiographischer Injektor nach Anspruch 
30 f dadurch gekennzeichnet daB die selbsttatig 
arbeitende Prufeinrichtung auBerdem eine Ein- 
richtung zum Oberwachen des an den genannten 
Antrieb gelieferten Stroms auf der Grundlage 
einer geeichten gesteuerten Steuerstromeinstei- 
lung aufweist, um auf diese Weise die Arbeits- 
weise der genannten Antriebseinrichtung zu 
Oberprufen. 

39. Angiographischer Injektor nach Anspruch 1, 
dadurch gekennzeichnet daB die genannte 
Betriebsbedingung eine den Herzzyklus des 
Patienten wiedergebende EKG-Wellenform ist, 
und gekennzeichnet durch eine Einrichtung zur 
automatischen Vornahme einer Injektion einer 
gegebenen Menge Kontrastmittel in gesteuerter 
DurchfluBmenge wahrend eines gegebenen Zei- 
tintervalls des genannten Herzzyklusses, um auf 
diese Weise die Rontgenphotographie synch ron 
zu der genannten EKG-Weilenform zu ermogli- 
chen. 

40. Angiographischer Injektor nach Anspruch 1, 
mit einem ebenen, abgedichteten Membransteu- 
erfeld (14), das mindestens einen Eingabeblock 
fur jeden bzw. den genannten mindestens einen 
Injektionsparameter aufweist wobei die genann- 
ten Eingabeblocke zum Eingeben des genannten 
Injektionsparameters betdtigt werden konnen. 

41. Angiographischer Injektor nach Anspruch 1, 
umfassend ein abgedichtetes, ebenes Mebran- 
steuerfeld (14) mit einem vom Menschen ablesba- 
reh Formatteil fur die Wiedergabe der Eingaben 
des Operateurs und zum Anzeigen der den Injek- 
tor betreffenden Ausg a be information, einen zwei- 
teiligen Funktionskontroll- und -anzeigefeldteil 
zum Eingeben und zum Anzeigen von Injektions- 
parametern, ein Zahlentastenfeld (134) zum Ein- 
geben von alphanumerischen Informationen, 
einen vorprogrammierten Injektion stei I zum Spei- 
chern von zuvor festgelegten Injektionsparame- 
tern, und einen Aktivierungssteuerteil (170) zum 
Einschalten des genannten Antriebs nach MaB- 
gabe von in dem genannten Injektor gespeicher- 
ten tnformationen und der Eingabe des Opera- 
teurs. 

42. Angiographischer Injektor nach Anspruch 
41, dadurch gekennzeichnet, daft der genannte 
zweiteilige Funktionssteuer- und Anzeigefeldteil 
eine Einrichtung zum Loschen des genannten 
Wiedergabefeldteils und des genannten Format- 
teilsfur vom Menschen ablesbaren tnformationen 
umfaSt 

43. Angiographischer Injektor nach Anspruch- 
41_weiter gekennzeichnet durch einen Steuerteil 



(182) fur Mehrphaseninjektion fur die Aufnahme 
von mindestens zwei Satzen von Injektionssteuer- 
parametern, und eine Einrichtung zum Vomeh- 
men von Injektionen nacheinander nach MaB- 
5 gabe jedes Satzes von I njektionssteue rpara me- 
te m. 

44. Angiographischer Injektor nach Anspruch 
41, dadurch gekennzeichnet, daB die genannte 
Steuereinheit eine Einrichtung aufweist, die den 

10 Operateur veranlaBt, eine Anzahl Injektionspara- 
meter anzugeben, und daS der genannte zweitei- 
lige Funktionssteuer- und Wiedergabefeldteil eine 
Leuchtanzeige in Zuordnung zu jedem der 
genannten Injektionsparameter aufweist, sowie 

75 eine wahrend der An gabe jedes der genannten 
Eingabepara meter wirksame Einrichtung zum 
Herberfuhren des Aufleuchtens der genannten 
Leuchtanzeige, um den Operateur zum Eingeben 
eines bestimmten Injektionsparameters zu veran- 

20 lassen, und eine Einrichtung zum Beenden der 
Leuchtanzeige, wenn der Injektionsparameters 
eingegeben worden ist, und zum Herbeifuhren 
des Aufleuchtens einer nachstfolgenden Leucht- 
anzeige, die einem nachstfolgenden, von dem 

25 Operateur einzugebenden Eingabeparameter 
zugeordnet ist 

45. Angiographischer Injektor nach Anspruch 
44, dadurch gekennzeichnet da& die genannte 
Steuereinheit auBerdem eine Einrichtung (76) 

30 zum Feststellen von Fehlern bei einem von einem 
Operateur eingegebenen Injektionsparameter 
sowie eine Einrichtung zum Erzeugen eines 
Schallsignals bei Feststeliung des genannten Feh- 
iers aufweist 

35 46. Angiographischer Injektor nach Anspruch 1, 
dadurch gekennzeichnet daS der genannte 
Behalter eine Spritze mit einer Mehrzahl Skalen 
(228, 230, 232) an einer Seitenwand der Spritze 
sowie eine Leuchtanzeige (226) zum Bezeichnen 

40 einer gewahlten Ska la aufweist wodurch eine 
visuelle Oberwachuhg des wahrend eines Injek- 
tionsvorgangs injizierten Voiumens moglich wird. 

47. Angiographischer Injektor nach Anspruch 1 r 
dadurch gekennzeichnet, daS die genannte 

45 Steuereinheit eine Einrichtung (182) zum Herbei- 
fuhren von Mehrphasen-lnjektionsfolgen auf- 
weist worin wahrend jeder Injektionsphase das 
Injizieren von Kontrastmittel gemaB den einzel- 
nen Satzen vpn Injektionsparametem Oberwacht 

so wird, die der Steuereinheit nacheinander zuge- 
fuhrt werden. 

48. Angiographischer Injektor nach Anspruch 

47, dadurch gekennzeichnet daft zwischen jeder 
Phase der genannten Mehrphaseninjektion die 

55 GroBe des Druck-Anstiegs-/Abfalls des Kontrast- 
mittels auf einen vorgegebenen Peget gesteuert 
wird. 

49. Angiographischer Injektor nach Anspruch 

48, weiter gekennzeichnet durch eine Einrichtung 
60 zum Oberprufen jedes Parameters eines Satzes 

von Injektionsparametem zwischen aufeinander- 
folgenden Phasen einer Mehrphasen-lnjektions- 
folge. 

50. Angiographischer Injektor nach Anspruch 1, 
65 weiter gekennzeichnet durch: 



14 



27 



EP 0 192 786 B1 



28 



eine Steuereinheit zum Regeln der Abgabe des 
genannten Kontrastmittels, welche Steuereinheit 
auBerdem eine selbsttStig arbeitende Prufeinrich- 
tung zum Oberwachen eines Betriebszu stands 
des genannten angiographischen Injektors und 
zum Erzeugen eines Fehlersignals beim Erkennen 
eiher Storung aufweist 

51. Angiographischer Injektor nach Anspruch 
50, umfassend Speicher (18) zum Speichern von 
die genannte Injektion betreffenden Informatio- 
nen und A/D- und D/A-Umsetzer zum AnschlieSen 
von analogen und digitalen Steuer- und 
Zustandssignaten, wobei der genannte uber- 
wachte Zustand den Betriebszustand der genann- 
ten Steuereinheit, des genannten Speichers und 
der genannten A/D- und D/A-Umsetzer urnfaBt 

52. Angiographischer Injektor nach Anspruch 
50, dadurch gekennzeichnet, daB der genannte 
Oberwachte Zustand urnfaBt: ubermaBig hohen 
Druck des genannten Kontrastmittels wahrend 
einer Injektion, von dem genannten Antrieb auf- 
genommener ubermaBig hoher Strom, uberma- 
Big groBer Positionierungsfehler des genannten 
Antriebs, und wobei die genannte Steuereinheit 
dafur sorgt, daB der genannte Injektor gesperrt 
wird, wenn die genannten Betriebszustinde Ober- 
maBige Abweichungen zeigen. 

53. Angiographischer Injektor nach Anspruch 1, 
dadurch gekennzeichnet, daft die genannte 
Steuereinheit auBerdem eine Computerschnitt- 
stelle (20) zum Herstellen externer Kommunika- 
tion mit dem genannten angiographischen Injek- 
tor umfaBt 

54. Angiographischer Injektor nach Anspruch 

53, dadurch gekennzeichnet, daB die genannte 
Computerschnittstelle einen Datenkanal zur Her- 
stellung externer Kommunikation mit dem 
genannten extemen Gerat aufweist, um Informa- 
tionen, einschlieBlich Steuer- und Zustandsinfor- 
mation, zu Qbertragen. 

55. Angiographischer Injektor nach Anspruch 

54, dadurch gekennzeichnet, daB die genannte 
externe Computerschnittstelle einen Universal- 
Asynchron-Empfangs/Sende-Port aufweist 

Revendications 

1. Injecteur angiographique pour injecter un 
moyen de contraste dans le systems vasculaire 
d'un patient comportant: 

des moyens (204) pour tenir un reservoir conte- 
nant le moyen de contraste et coportant un orifice 
de decharge par lequel le moyen est delivre, et 

des moyens d'entrainement (24) pour effectuer 
la decharge dudit moyen a travers I 'orifice de 
decharge, caracten'se en ce que I'injecteur com- 
porte par ailleurs: 

des moyens de reception pour recevoir au * 
moins un para metre de commande de ('injection 
qui comporte au moins un para metre selectionne 
parmi le groupe de parametres suivants: le debit 
du moyen de contraste, le volume du moyen de 
contraste, la duree d'une injection, la limite de 
pression dudit moyen de contraste, le retard de la 
radiographic, le retard de I'fnjection et la duree de 



I'augmentation/la diminution de Impression du 
flux du moyen de contraste, 

une unit6 de commande (10) pour generer au 
moins un signal de commande de I'injection, en 
s fonction d'au moins un parametre d'injection 
transmis, et pour transmettre ledit signal de 
commande auxdits moyens d'entrainement (24) 
afin de realiser une decharge determinee dudit 
moyen, 

70 dans lequel lesdits moyens d'entrainement (24) 
et Tunite de commande (10) com portent un sys- 
tems servo a boucle fermee qui reagit a un signal 
de commande de la position produit par ladite 
unite de commande (10). 

75 2. Injecteur angiographique seion la revendica- 
tion 1, dans lequel fedit parametre de commande 
de I'injection est la pression dudit moyen dans le 
reservoir et dans lequel lesdits moyens d'entrai- 
nement (24) et I'unit6 de commande (10) compor- 

20 tent des moyens de limitation de la pression (60) 
qui reagissent a un signal de fa pression limite 
preetablie pour empecher la reaction dudit sys- 
teme servo audit signal de commande de la 
position lorsque la pression dans ledit reservoir 

23 depasse ladite limite pre-etablie. 

3. Injecteur angiographique selon la re vendi ca- 
tion 2, dans lequel lesdits moyens de limitation de 
la pression com portent des moyens pour recevoir 
le signal de limitation de la pression pre-etablie 

30 dans des unites de PSI, KPA, KG ou ATU et dans 
lequel ledit injecteur angiographique comporte, 
par ailleurs, des moyens de commutation pour 
selectionner Tune desdites unites indicatives du 
signal de limitation de la pression pre-etablie. 

36 4, Injecteur angiographique selon la revendica- 
tion 1 ou 2, dans lequel fe reservoir comporte une 
seringue ayant un piston (202) pour forcer le 
moyen a travers ('orifice de decharge de celle-ci, 
lesdits moyens d'entrainement comportant un 

40 servo moteur a courant continu (40) dont Taction 
est associee audit piston, et ladite unite de com- 
mande comporte des moyens pour fournir audit 
moteur a courant continu un courant continu (52) 
derive d'un courant propulseur a largeur d'impul- 

45 sion modulee ayant une duree d'enclenchement 
qui est proportionnelle a la difference entre la 
position effective et la position souhaitee dudit 
piston pendant une injection. 

5. Injecteur angiographique selon les revendi- 
50 cations 1 ou 4, comportant par ailleurs un moyen 

d'arret mecanique (26) qui reagit a une limite 
avant pre-etablie dudit piston pour empecher 
lesdits moyens d'entrainement de d£Hvrer le 
moyen de contraste a parti r de la seringue, ladite 
55 limite avant etant determinee par ladite unite de 
commande. 

6. Injecteur angiographique selon la revendica- 
tion 5, dans lequel ledit moyen d'arret mecanique 
comporte un element de blocage (212) et un 

60 moteur d'arret a courant continu (214) dont Tac- 
tion est associee audit element de blocage, des 
moyens (66) pour la surveillance de la position 
dudit piston, des moyens (74) pour produire un 
signal d'arret lorsque la position dudit piston 

65 atteint la dite limite avant et des' moyens reagis- 
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sant audit signal d'arr§t pour actionner (edit 
moteur d'arret qui, a son tour, avance ledh ele- 
ment de blocage pour empdcher m6caniquement 
le mouvement avant du piston. 

7. Injecteur angiographique selon la revendica- 
tion 6, dans lequel I'unit6 de commande com- 
porte des moyens (110) pour r6gler ladite limite 
avant pre-etablie dudit element de blocage en 
fonction de la valeur d'un para metre d'injection 
qui lut est fourni. 

8. Injecteur angiographique selon la re vendi ca- 
tion 7, comportant par ailleurs des moyens de 
relais de s6curit6 (28, 44) qui actionnent en alter- 
nance, soit les moyens d'entrainement, soit ledit 
regufateur de blocage mecanique, pour empe- 
cher le mouvement desdits moyens d'entraine- 
ment pendant que le regulateur de blocage 
mecanique est actio nne. 

9. Injecteur angiographique selon la revendica- 
tion 8, comportant par ailleurs un temoin lumi- 
neux pour visualiser fa position dudit Element de 
blocage mecanique et un deuxieme temoin lunrii- 
neux correspondent a la position dudit piston par 
rapport audit premier temoin lumineux. 

10. Injecteur angiographique selon la revendi- 
cation 1, comportant par ailleurs: 

des moyens de surveillance (30) pour empe- 
cher les moyens d'entrainement de r6agir en cas 
de panne de ladite unit 6 de commande. 

11. Injecteur angiographique selon la revendi- 
cau'on 10, dans lequel lesdits moyens de surveil- 
lance comportent un chronometre pouvant dtre 
remis a zero, reagissant a un signal de reglage 
pour produire un signal d'arret aprfcs un inter- 
vals de temps predetermine, et ladite unite* de 
commande qui comporte des moyens pour pro- 
duire pe>iodiquement ledit signal de remise a 
zero, bloquant passivement lesdits moyens d'en- 
trainement en cas de panne de ladite unite* de 
commande. 

12. Injecteur angiographique selon les revindi- 
cations 1 ou 11, dans lequel ladite unite de 
commande comporte des moyens pour seiec- 
tionner au moins un parametre d'injection par un 
opSrateur dudit injecteur, facilitant ainsi I'usage 
de celui-ci. 

13. Injecteur angiographique selon la revendi- 
cation 12, dans lequel ledit parametre d'injection 
unique au moins comporte au moins un parame- 
tre s£(ectionne parmi un groupe de parametres: 
le dibit du moyen de contraste, le volume du 
moyen de contraste, la duree d'une injection, la 
limite de pression dudit moyen de contraste, le 
retard de la radiographic, le retard d'injection et 
la durie de ''augmentation et de la chute de la 
pression du moyen de contraste. 

14. Injecteur angiographique selon la revendi- 
cation 1 ou 13, comportant des moyens de recep- 
tion ayant un panneau de commande seel I i, plat, 
a membrane (14), avec des blocs d'entree indivi- 
duels associes a chacun desdits parametres d'in- 
jection, au moins d'un, chacun desdits blocs 
d'entree pouvant §tre op6re pour entrer un para- 
metre d'injection assocte dans ladite unite de 
commande. 



15. Injecteur angiographique selon la revendi- 
cation 14, dans lequel ladite unite de commande 
comporte, par ailleurs, des moyens d'activation 
(170) reagissant a la commande de chacun des- 

5 dits blocs d'entree, au moins d'un, pour enclen- 
cher lesdits moyens d'entrainement et pour les 
bloquer lorsqu'au moins un quelconque desdits 
blocs d'entree n'est pas action ne. 

16. Injecteur angiographique selon les revendi- 
w cations 1 ou 15, comportant par ailleurs une 

premiere memoire (18) pour memoriser au 
moins un parametre d'injection, une memoire 
secondaire pour memoriser un double du 
contenu dudit au moins un parametre d'injec- 

15 tion, des moyens de verification du parametre 
pour comparer les parametres d'injection des- 
dites m6moires premiere et secondaire, et pour 
bloquer lesdits moyens d'entrainement lorsqu'il 
y,a un disaccord entre les parametres d'injec- 

20 tion. 

17. Injecteur angiographique selon la revendi- 
cation 1 ou 13, comportant par ailleurs une 
memoire (18) pour memoriser un ensemble de 
parametres d'injection, des moyens pour pro- 

25 duire une etiquette d'identification pour chaque 
ensemble desdits au moins un parametre d'injec- 
tion et pour memoriser ladite etiquette avec ledit 
ensemble dans ladite memoire, des moyens de 
rappel reagissant a une certaine etiquette pour 

30 rappeler de ladite memoire un ensemble associe 
de parametres d'injection et pour fournir ledit 
ensemble de parametres d'injection auxdits 
moyens de reception, permettant ainsi le rappel 
rapide d'ensemble de parametres d'injection de 

3$ routine, sans que l'ope>ateur ait a faire des 
entries prialables a I'injection. 

18. Injecteur angiographique selon la revendi- 
cation 17, comportant par ailleurs des moyens 
pour rappeler et traverser en sequence chacun 

40 desdits parametres d'injection rappeles d'un 
ensemble donne et pour tirer une information 
afin de modifier un parametre d'injection particu- 
lier. 

19. Injecteur angiographique selon la revendi- 
45 cation 17, comportant par ailleurs des moyens 

pour verifier chacun desdits parametres d'entree 
rappeles avant une injection. 

20. Injecteur angiographique selon la revendi- 
cation 19, dans lequel lesdits moyens de verifica- 

so tion comportent un commutateur manuel asso- 
cie a chacun desdits, au moins un, parametres 
d'injection. 

21. injecteur angiographique selon la revendi- 
cation 19, dans lequel lesdits moyens de verifica- 

55 tion comportent des memoires redondantes pour 
la memorisation de chacun desdits parametres 
d'injection, des moyens pour comparer le 
contenu dudit parametre d'injection stocke dans 
lesdites" memoires redondantes et des moyens 

60 pour mettre hors service ledit injecteur ou pour 
alerter I'operateur au cas ou une difference appa- 
ratt lors de la com para ison des donnies entre les 
dites memoires redondantes. 

22. Injecteur angiographique selon la revendi- 
65 cation 21, dans lequel chacune desdrtes 
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memoires redondantes comports une m6moire 
d'acces randomisee, alimentee par une pile a 
part 

23. Injecteur angiographique selon la revendi- 
cation 16, dans lequel lesdites memoires pre- 
miere et secondare comportant des moyens pour 
conserver lesdits parametres d'injection en 
absence de courant d'alimentation dudit injec- 
teur. 

24. Injecteur angiographique selon la revendi- 
cation 1, comportant par aiileurs: un d'interface 
(20) connecte a ladite unite de commando pour le 
transfert d'information d'etat ou d'un parametre 
d'injection audit injecteur. 

25. Injecteur angiographique selon la revendi- 
cation 24, dans lequel ledit interface comporte 
une porte asynchrone de reception/emission pour 
etablir la communication avec un dispositif 
externe. 

26. Injecteur angiographique selon la revendi- 
cation 1, dans lequel ladite unite de commande 
comporte une commande d'injection multi- 
phases pour le changement sequentiel d'un 
ensemble donne de parametres d'injection pen- 
dant une injection. 

27. Injecteur angiographique selon la revendi- 
cation 26, comportant par aiileurs des moyens 
(142) pour un prd-etablir une valeur de dur6e 
d'augmentation/de diminution de la pression 

■ dudit moyen de contraste dans les phases succesr- 
sives d'une sequence d'injection multi-phases. 

28. Injecteur angiographique selon la revendi- 
cation 1, comportant par aiileurs des moyens 
d'autocalibrage pour produire un signal de com- 
mande de test afin de positionner lesdits moyens 
d'entratnement dans une position de test, lesdits 
moyens de contrdle ay ant la fonction de relever la 
position instantanee des moyens d'entratnement 
comme condition opeYationnelle, des moyens 
pour comparer la psition de test avec la position 
instantanee et des moyens pour recalibrer lesdits 
moyens d'entrainement sur la base de ladite 
comparaison. 

29. Injecteur angiographique selon la revendi- 
cation 1, comportant par aiileurs des moyens de 
contrdle pour la verification automatique de la 
precision de ladite unite de commande et pour 
produire une indication d'un ecart predetermine 
par rapport a la precision desiree afin d'empecher 
une injection en reaction a I'^cart 

30. Injecteur angiographique selon la revendi- 
cation 29, dans lequel les moyens de contrdle 
automatique component des moyens pour veri- 
fier les conditions operationnelles de ladite unite 
de commande et desdites memoires. 

31. Injecteur angiographique selon la revendi- 
cation 30, dans lequel les moyens de contrdle 
automatique component des moyens pour exe- 
cuter les ordres de ladite unite* de commande en 
utilisant les donnees et les moyens de contrdle 
pour verifier les resultats de chacun des ordres 
executes avec un r^sultat correct pre-6tabli. 

32. Injecteur angiographique selon la revendi- 
cation 30, dans lequel les moyens de controle 
automatique component des moyens pour ecrire 



les donnees conues dans lesdites memoires, des 
moyens pour relire lesdites doon6es ecrites dans 
les memoires et des moyens de comparaison des 
donnees relues et les donnees connues, pour 
5 verifier I'etat operationnel desdites memoires. 

33. Injecteur angiographique selon la revendi- 
cation 30, dans lequel les memoires component 
une m6moire ROM et dans lequel lesdits moyens 
de contrdle automatique component des moyens 

w de verification pour verifier le contenu de ladite 
memoire ROM. 

34. Injecteur angiographique selon la revehdi- 
cation 30, dans lequel les moyens de contrdle 
automatique component par aiileurs des moyens 

is de test analogiques/digitaux et digitaux/analogi- 
ques pour verifier la precision de capteurs, de 
convertisseurs A/D et de convertisseurs D/A dudit 
injecteur. 

35. Injecteur angiographique selon la revendi- 
20 cation 30, dans lequel les moyens de contrdle 

automatique envoient un mot digital pour §tre 
convert! dans un signal analogique a un convej- 
tisseur digital/analogique et dans lequel des 
moyens verifiant la precision dudit convertisseur 
25 digital/analogique sur la base de ladite informa- 
tion transmise. 

36. Injecteur angiographique selon la revendi- 
cation 34, dans lequel lesdits moyens de contrdle 
automatique genferent et transmettent un signal 

30 analogique calibre a un convertisseur A/D et dans 
lequel des moyens v£rifient la precision du signal 
digital converti par ledit convertisseur A/D. 

37. Injecteur angiographique selon la revendi- 
cation 34, dans lequel lesdits moyens de contrdle 

35 automatique com portent, par aiileurs, des 
moyens pour la verification desdits moyens de 
limitation de la pression. 

38. Injecteur angiographique selon la revendi- 
cation 30, dans lequel les moyens de contrdle 

40 automatique com portent, par aiileurs, des 
moyens pour la surveillance du courant fourni 
auxdits moyens d'entrainement sur la base d'un 
reglage de courant de commande calibre et 
contrdle pour verifier le fonctionnement desdits 

45 moyens d'entrainement 

39. Injecteur angiographique selon la revendi- 
cation 1, dans lequel ladite condition de fonction- 
nement surveill6e est une forme d'onde ECG 
repr6sentant un cycle cardiaque d'un patient, et 

so dans lequel des moyens effectuent automatique- 
ment I'injection d'une quantite donn6e de moyen 
de contraste a un debit contrdle pendant un 
intervalle determine dudit cycle cardiaque pour 
faciliter ainsi la synchronisation de la radiogra- 

55 phie avec ladite forme d'onde ECG. 

40. Injecteur angiographique selon la revendi- 
cation 1, comportant un panneau (14) de com- 
mande scelie, plat, a membrane, ayant au moins 
un dispositif d'entr6e pour chaque ou au moins 

60 ledit parametre d'injection, lesdits dispositifs 
d'entr6e pouvant etre op6res pour entrer ledit 
parametre d'injection. 

41. Injecteur angiographique selon la revendi- 
cation 1, comportant un peanneau (14) de com- 
es mande scelie, plat, a membrane, ayant une sec- 
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tion d'un format pouvant dtre les par un etre 
humain pour afficher les entries de I'operateur et 
pour indiquer (Information de sortie concernant 
I'injecteur, un panneau a double fo notion de 
contrdle et d'affichage pour I'entree et I'affichage 
de para metres d'injection, une partie a touches 
num^riques (134) pour entrer une information 
alphanumerique, une section d'injection pre-pro- 
grammee pour la memorisation de para metres 
d'injection pre-6tablis et une section de contrdle 
de I'activation (170) pour permettre auxdrts 
moyens d'entrainement de repondre aux infor- 
mations memorisees dans ledit injecteur et a 
I'entree de i'operateur. 

42. Injecteur angiographique selon la revendi- 
cation 41, dans lequel la section de panneau a 
double fonction de contrdle et d'affichage com- 
porte des moyens pour effacer ('information dans 
ladite section de panneau d'affichage et la section 
a format pouvant etre lue par un etre humain. 

43. Injecteur angiographique selon la revendi- 
cation 41, com porta nt par ailleurs une section de 
commande de I'injection multi-phases (182) pour 
recevoir au moins deux ensembles de parametres 
de commande de I'injection, et des moyens pour 
effectuer successivement I'injection, conforme- 
ment a chaque ensemble de parametres de com- 
mande de I'injection. 

44. Injecteur angiographique selon la revendi- 
cation 41, dans lequel ('unite de commande com- 
porte des moyens pour obtenir d'un opeYateur un 
nombre de parametres d'injection et dans lequel 
ladrte section a double fonction de commande et 
d'affichage comporte un temoin lumineux asso* 
cie a chacun desdrts parametres d'injection, des 
moyens pouvant etre operes pendant I'obtention 
de chaque dit parametre d'entree pour allumer 
brievement ledit temoin lumineux afin d'avertir 
I'operateur qu'un parametre d'injection particu- 
lier doit 3tre entre, et des moyens pour eteindre le 
temoin lorsque le parametre d'injection a ete 
entre et pour allumer brievement un temoin 
lumineux successif assotie a un parametre d'en- 
tree successrf qui doit etre entre par I'operateur. 

45. Injecteur angiographique selon la revendi- 
cation 44, dans lequel ladrte unite de commande 
comporte par ailleurs des moyens (76) pour 
reconnaitre des erreurs dans le parametre d'injec- 
tion entre par un ope>ateur et des moyens gene- 
rant un signal d'alarme acoustique apres la detec- 
tion de ladite erreur. 

46. Injecteur angiographique selon la revendi- 
cation 1, dans lequel le reservoir comporte une 
seringue ayant une pluralite d'echelles (228, 230, 
232) disposees sur la paroi I ate rale de fa seringue, 
et un temoin lumineux (226) pour identifier une 
echelle seJectionnee permettant I'observation 
visuelle du volume injecte pendant la procedure 
d'injection. 

47. Injecteur angiographique selon la revendi- 



cation 1, dans lequel ladrte unite de commande 
comporte des moyens (182) pour effectuer des 
sequences d'injection multi-phases et dans les- 
quelles chaque phase d'injection du moyen de 
5 contraste est surveillee d'apres les ensembles 
individuels de parametres d'injection successive- 
ment fournis a ladite unite de commande. 

48. Injecteur angiographique selon la revendi- 
cation 47, dans lequel ('importance de I'augmen- 

10 tation/la chute de la pression entre chaque phase 
de ladite injection multi-phases du moyen de 
contraste est reglee a un niveau predetermine. 

49. Injecteur angiographique selon la revendi- 
cation 48, comportant par ailleurs des moyens 

is pour verifier chaque parametre d'un ensemble de 
parametres d'injection entre les phases succes- 
sives d'une sequence d'injection multi-phases. 

50. Injecteur angiographique selon la revendi- 
cation 1, comportant par ailleurs: 

20 une unite de commande pour regler la 
decharge dudit moyen de contraste, ladite unite 
de commande comportant, par ailleurs, des 
moyens de contrdle auto m at i que pour la surveil- 
lance de I'etat operation nel dudit injecteur angio- 

25 graphique et pour produire un signal d'erreur au 
cas ou un defaut est detecte. 

51. Injecteur angiographique selon la revendi- 
cation 50, comportant par ailleurs des memoires 
(18) pour m6moriser I'lnformation concernant 

30 ladite injection et des convertlsseurs A/D et D/A 
pour le raccordement de signaux de commande 
anglogiques et digitaux et de signaux d'etat, 
ladite condition surveillee comportant I'etat ope- 
rationnel de ladite unite de commande de ladite 

35 memoire et des convertisseurs A/D et D/A. 

52. Injecteur angiographique selon la revendi- 
cation 50, dans lequel ladite condition surveillee 
comporte la pression excessive du moyen de 
contraste pendant une injection, un courant 

40 excessif consomme par lesdits moyens d'entrai- 
nement, une erreur de position excessive desdits 
moyens d'entrainement, et dans lequel ladite 
unite de commande reagit pour bloquer ledit 
injecteur au cas ou lesdits §tats operationnels 

45 sont excessifs. 

53. Injecteur angiographique selon la revendi- 
cation 1, dans lequel ladite unit6 de commande 
comporte par ailleurs un interface d'ordinateur 
(20) pour constituer une communication externe 

so avec ledit injecteur angiographique. 

54. Injecteur angiographique selon la revendi- 
cation 53, dans lequel ledit interface d'ordinateur 
comporte un canal de donnees pour permettre la 
communication externe avec (edit dispositif 

55 externe afin de transferer des informations, y 
compris rinformation de commande et d'etat. 

55. Injecteur angiographique selon la revendi- 
cation 54, dans lequel ledit interface d'ordinateur 
externe comporte une porte universelle asyn- 

60 chrone de reception/emission. 
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